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2.1

PROTOCOL FOR THE PERIODIC MONITORING OF
NITROGEN OXIDES, CARBON MONOXIDE, AND OXYGEN
FROM SOURCES SUBJECT TO
SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT RULE 1110.2

OVERVIEW AND APPLICABILITY

This protocol is applicable to the determinatiomitfogen oxides (NO and NAD carbon
monoxide (CO), and oxygen foconcentrations in emissions from engines sulbgect
South Coast Air Quality Management District (AQMRlIle 1110.2 using portable
electrochemical (EC) analyzers. This protocoirtsted to engines that use fuels such as
natural gas, propane, butane, gasoline, landfdl] dmestor gas, refinery gas and fuel oils
and relies upon EPA Conditional Test Method CTM-(8e Attachment ). Deviations
from CTM-030 have been adopted in order to simphfy procedure, while still

providing a reasonable assurance of complianceerV@iTM-030 and this protocol are in
disagreement, this protocol shall supercede. fgiugcol is not intended to replace the
EPA reference methods of 40 CFR Part 60, AppendisrAQMD source test methods,
but rather to facilitate the measurement of emmssmn a periodic monitoring schedule.
These test results, along with ether pertinentrmétdion, may be considered by AQMD
as credible evidence of compliance or non-compéamith Rule 1110.2 AQMD

reserves the right to modify this protocol withadtvance notice.

When engines subject to Rule 1110.2 cannot bedtessieg this protocol, the protocol
may be modified following written approval of thedtutive Officer.The latest version
of the protocol can be found on the AQMD web site.

MEASUREMENT SYSTEM PEFORMANCE SPECIFICATIONS AND
APPARATUS

Use any measurement system that meets the perfoenaad design specifications in
Sections 4 and 5 of CTM-030 and the requirementBisfprotocol. The measurement
system shall maintain the gas sample at condittwetswill prevent condensation in the
lines or when it contacts tietectrochemic&C cells. Additions to, or modifications of,
vendor supplied electrochemical analyzers (e.geldesample lines, thermocouples, flow
meters, etc.) may be required to meet the spetditaindicated in this protocol.

SENSITIVITY

The minimum detectable limit depends on the nonmrialagje and resolution of the
electrochemical cell and signal to noise ratiohaf neasurement system. For the CO,
NO, and NQ electrochemical cells, the minimum detectabletlshall be less than or
equal to 3 percentf the selected ranggseeSeetion-3-k or 1 ppm, whichever is less
restrictive. For the ©electrochemical cell, the minimum detectable lighall be less
than or equal to 0.3 percent.O
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2.2

2.3

2.4

INTERFERENCE RESPONSE

The CO, NO, and N@interference response must be less than or egadah tpercent of
the span gas concentration. Refer to SectionfZlCTM-030 for the calculation method.
Analyzers that have been verified for interfereresponse by a recognized agency (e.g.
ETV or TUV), or as approved by EPA Method 301 vesfion, shall be considered in
compliance with this interference check specifmati

An NO and NQ interference response of the CO electrochemidbs$icall be performed
during each calibration check by using the CO fetence response procedure listed in
CTM-030 6.3.1. The interference response check bBalerformed by injecting a NO
span gas, balance nitrogen, to determine the peségsponse by the CO electrochemical
cell. Then a N@span gas in either balance nitrogen or air isriedento the CO
electrochemical cell to determine the positiverigi®nce response by the CO cell.

Notwithstanding the interference checks require€®bi-030, an annual interference
check of the NO and NCelectrochemical cells shall be performed for costion

devices which have a potential to emit;2Oncentrations greater than 10 ppm. The
interference check procedure shall consider bosiitige and negative biases in the data,
and shall demonstrate (using an equation similémabin Section 6.3.1 of CTM-030)
that the combined NO and N@terference responses due to,$0ntribute less than 5
percent of the NQconcentration in the emissions. The facility Ehadtify the SQ
concentration selected for interference verifiaatising historical data or mass balance
calculations.

The potential for interference from other flue gasstituents should be reviewed with
the electrochemical analyzer manufacturer basegiterspecific data.

MOISTURE REMOVAL SYSTEM

A chilled condenser or similar device to removedsmsate continuously from the
sample gas while maintaining minimal contact betwtbe condensate and the sample
gas shall be required if the N@ortion of NQ (based on average test data collected
according to an approved source test or this pobtas greater than 10 percent.
Alternatively, for gas streams with less than 1fceet NQ a device that uses ambient
means to condense moisture from the gas streameltéi electrochemical cells is
acceptable for this protocoll sampling system components shall be non-reagtiith
nitrogen dioxide,

ELECTROCHEMICAL CELL TEMPERATURE INDICATOR

The analyzer shall be equipped with a temperat@wasnrement device to monitor the
electrochemical cell temperature. The temperahag be monitored at the surface,
within the cell, or in close proximity to the cefiach that it indicates the operating
temperature of the cells. At no time shall thelyrea be used outside the manufacturer’'s
recommended operating range.
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2.5 DATA RECORDER

The data shall be recorded using procedures inddegitl.10 of CTM-030. The data
recorder must allow each data point to be readast lonce every 15 seconds.

2.6  CALIBRATION ASSEMBLY

A three-way valve assembly, tee, or equivalentrfboducing calibration gases at
ambient pressure to the sample probe during céilorahecks. The assembly shall be
designed such that only calibration gas is prockasd that calibration gases flow
through all gas path filter&igure 1 is a diagram of the calibration assembly.

30 MEASUREMENT SYSTEM PERFORMANCE CHECK PROCEDURES

The following procedures define the steps to followrder to verify measurement
system performance and accuracy. For each setldfeimissions tests, perform a
successfuinterference test (Section 2.pye-test (Section 32) and post-test calibration
check (Section 33) within ten calendars days. Conduct a lineatlityak (Section 34)
and stability check (Section6®) every 12 months, or more often, as necessagnsare
proper operation of the electrochemical cells.

3.1  For gas streams where the Nadrtion oftotal NOy is less than or equal to 10 percent
(based on average test data collected accordiag &pproved source test or this
protocol), use of the N&lectrochemical cell is voluntary.

3.2 CALIBRATION GAS
Use EPA Protocdtl gases+NiSTtraceable-calibration-gasedich are certified to a

minimum accuracy of + 2 percemtr NIST traceable calibration gasdsresh air, which
is defined as air free from ambient CO, N@nd other pollutants, is permitted fof O
calibration at(20.9% Q}, and as a zero gas for CO and,N@he instrument and the
electrochemical cell design will determine the gtiedl range for each gas component.

Select a span calibration gas concentratigpan gag that is within the analytical range
for each of the CO, NO, and N@lectrochemical cells, such that the expectedageer
stack gas readings for each test are between 255hdercent of the span gas selected.
The nominal range is defined as zero to the sparsglacted. Fresh aif20.9 percent

0.} may be used for the,GBpan gas.

3.3 PRE-TEST CALIBRATION CHECK

Assemble the measurement system by following theufiaaturer's recommended
procedures for preparing and preconditioning treeagelyzer. Assure the system has no
leaksby plugging the probe tip and observing that #dragle flowrate goes to zerand
verify the gas scrubbing agent is not depletedergine sample pump and allow portable
electrochemical analyzer to warm up to ambient enatpire. Conduct the following
procedure for each electrochemical cell within 10 calendayslofeach-seof thefield
emissions testand theposttest calibratiorcheck
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3.3.1 Zero Calibration Check

Calibrate the @electrochemical cell at 20.9 percent using fresh{@0-9-percent-&);

free from ambient CO, NQand other pollutants. Next, introduce thg ©CO, NO, and
NO, zero calibration gas at the probe tip using thbEdion assemblghown in Figure

1. During this check, do not make adjustments tcsiistem except those necessary to
achieve the correct calibration gas flow rate atdhalyzer. Set the flow rate to the value
recommended by the manufacturer. Allow the eletiemical cell response to stabilize
within+5-percenbf-the-meanreadinfpr at leasthirty secondsne-minute before
recording the result. After achieving a stablepoese, disconnect the gas and briefly
purge with fresh air.

The zero level reading for CO, NO, and Nsball be less than or equal to = 3 percent of
the span gas value or = 1 ppm, whichever is lessictve, and less than or equal to £ 0.3
percent Q@ for the Q electrochemical cell.

3.3.2 Span Calibration Check

3.4

Individually inject each span gas into the analyatethe probe tip using the calibration
assembly. Allow the electrochemical cell respadesgtabilize within £ 5 percent of the
mean reading, for at leastirty secondsne-minutebefore recording the result. If the
analyzer response for the CO, NO, orNfectrochemical cells must be re-set during the
pre-test calibration checknever during the post-test calibration cHedééllowing
manufacturer’s instructions. After achieving ebtaesponse, disconnect the gas and
briefly purge with fresh air. Repeat these stepeéch span gas.

The span gas reading for the CerdNO -and NQ electrochemicsOEC cells shall be
withinless-thant 5 percent of the span gas value aiithintess-than-eregual t90.5
percent Qfor the Q electrochemlcal celllhespanga&maelmgﬁw\@gshaube—less

POST-TEST CALIBRATION CHECK

After the Fellewing-each-set-dield emission tests, and within 10 calendar ddyb®
last successful pre-test calibration check, perfthrenpost-test calibration check in the
same manner as the pre-test calibration chés&ctions 32.1 and 332.2.)- If the
emission test results are within 5 percent of exigiemission limitsthen the post-test
calibration must be performed immediately aftertdst period to verify compliance.
Make no changes to the sampling system or anatgigration until the post-test
calibration check has been recorded.

The difference between the pre-test calibration@osd-test calibration span gas readings,
which is defined as drift, shall not exceed + Scpet for CO, NO and © If the post-test
calibrationdrift is greater than £ 5 percent but less thai® pércentheekfor CO, NO
andor O, and thecorrectedconcentration is less tha®% of theemission limit then the
test is considered validr demonstrating complianc®therwise the testingloes not

meet the specifications, all test data for that ponent are null and voj@nd re-

calibration and re-testing are required.
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3.5

LINEARITY CHECK

Conduct the following procedure once for each natiange that is to be used on each
electrochemical celHCO, NO, & and NQ.}. Repeat the linearity check if an
electrochemical cell is replaced. Linearity maychecked using a gas divider if it is
calibrated according to EPA Method 205.

3.5.1 Linearity CheckProcedure

3.6

Selecta-mid-level calibration gassfor CO_0O,, NO, and NQ thatarés 40 to 60 percent

of the nominal range. Follow the procedure forRne-Test Calibration CheckSection
3.32,2) and then introduce the mid-level calibration gasefach electrochemical cell at
the probe tip using the calibration assembly. Bwithis check, do not make adjustments
to the system except those necessary to achieethext calibration gas flow rate at the
analyzer. Set the flow rate to the value recomradriny the manufacturer. Allow each
reading to stabilize within + 5 percent of the mesading, for at leashirty secondsne
mindte before recording the result. After achievingabke response, disconnect the gas
and briefly purge with fresh air.

Linearity shall be less than or equal to + 3 percéthe span gas concentration for NO
Oy, COandNO; cells. €S-

STABILITY CHECK

Conduct the following procedure once for each nafmange that is to be used on each
electrochemical celHCO, NO, and N@)- Repeat the stability check if an
electrochemical cell is replaced or exposed tocgasentrations greater than the
analytical range of electrochemical cell specitigdhe manufacturer.

3.6.1 Stability CheckProcedure

Energize sample pump and allow portable electroateranalyzer to warm up to

ambient temperature. Introduce the span gas f@r el@ctrochemical cell at the probe tip
using the calibration assembly and record the aralesponse at least once per minute
until the conclusion of the test. During this dhetdo not make adjustments to the system
except those necessary to achieve the correctatidib gas flow rate at the analyzer. Set
the flow rate to the value recommended by the nantufer. After the analyzer response
has stabilized, continue to flow the gas for asi&®-minutes. At the end of the check,
disconnect the gas and briefly purge with fresh air

The analyzer response to CO, NO, and,N@an gases shall be less than or equal té + 2
percent of the span gas value over a 30-minutegekis an alternative, the system will
pass a stability check with lessmerethan £ 1 percent of the span gas value over a 15-
minute period.

5 of 10



Rule 1110.2 Periodic Monitoring Protocol July 24, 2007

3.7 CALCULATIONS

a. The following equation shall be used to determireedalibration error (&) for the
zero and span calibration checks (Sections 3.2113dh?2):

J x 100%

E - (AnalyzelResponse Cal.GasConcentrabn
A Cal.GasConcentrabn

b. The following equation shall be used to determiveedrift between the pre-test
calibration and post-test calibration checks (9&c8.3):

Drift = PostTestAnalyzeiResponse PreTestAnalyzerRespons x 100%
PreTestAnalyzemResponse

c. The following equations shall be used to deterntinedinearity (Ey) (Section 3.4.1):

E = CalculatedMid. - Mid. SpanGasValu
HN Mid. SpanGasValue

ej x 100%

Calculatedvid. :(Slopex Mid.SpanAnaIyzerRespons)e+ ZeroAnalyzerResponse

Slope= SpanGasValue- ZeroValue
SpanGasAnalyzeResponseZeroAnalyzeRespons

40 EMISSION TEST PROCEDURE

All engines shall be tested “as-found.” No tunargnaintenance for the purpose of
lowering tested emissions is allowed within 24 fsgorior to testing or during testing.

41  SELECTION OF SAMPLING SITE AND SAMPLING POINTS

Select a sampling point located at least two stiaketers downstream of any
disturbance (e.g. turbocharger exhaust, crossawetipn, or recirculation take-off) and
one-half stack diameter upstream of the gas digeharthe atmosphere. Typically, the
existing sampling port will satisfy these condigonUse a sample location at a single
point near the center of the duct. If previous tikéa demonstrates that the stack gas
concentratiorvaries significantly across the duct diametgeater than 10 percent,
{stratified-stack-gas-concentratiprthen traverse sampling shall be performed along one
cross-sectional axis of the stack, using threetpdatated at positions of 16.7, 50, and
83.3 percent of the stack diameter.

4.2 ELECTROCHEMICALECCELL TEMPERATURE AND FLOW MONITORING

Do not interrupt the flow to the portable analyaad maintain a constant sampling rate
(x 1510 percent of the analyzer flow rate value experidraigring the Pre-Test
Calibration Check) during the entire test run. nattime shall the electrochemical cells
be used outside the manufacturer's recommendea@tipgrange.
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4.3

4.4

SAMPLE COLLECTION

Assemble the measurement system by following theufiaaturer's recommended
procedures for preparing and preconditioning treeagelyzer. Assure the system has no
leaks and verify the gas scrubbing agent is noletiegh.  Zero the electrochemical
analyzer with fresh air. Energize sample pumpalwiv portable electrochemical
analyzer to warm up to ambient temperature.

Sample the stack gas for an equal period of tineael test point. At the start of the test,
record the time, ambietmperatureonditions and operating condition of the engine.
Recordemissiondata at least every 15-seconds for a minimum ahithites using
procedures in Section 5.1.10 of CTM-030. Note #itliough at least 15-minutes of
testing will be conducted, the actual sampling timiébe greater, depending on the
response time or stability time of the analyzeec®d the general operating conditions
and load of the engine during the teSiperating conditions includé@e parameters
required to be monitored by the Inspection and Kwimg Plan.

At the end of the test, conduct a post-test leacklof the measurement system, and then
disconnect the gas and briefly purge with fresh Himultiple engines are to be tested at
a single facility, the post-test leak check maybstponed until after the last unit is
tested. However, the analyzer shall be purged fretsh air between units, and if the
measurement system fails the final post-test Iéaklc, then all of the testing after the

last successful leak check is null and void antkséing is required.

CALCULATIONS AND DETERMINATION OF COMPLIANCE

The following procedure will determine the meanaantration of NQand CQ-
{adjusted for calibration results and correctedi@édrcent @} to determine compliance
with Rule 1110.2 and equipment permit conditionssiain limits for each test.

a. Determine the arithmetic mean of each gas condemirétNO, NG, CO and Q)
measured during the test period.

b. The mean of each measured concentration (NQ, BO and Q) shall be
corrected using the following equation to give esl@djusted for the pre-test
calibration and post-test calibration resultg(C

Cea -C
Cros = (CMEAS - CCZ)X(WJ
Where: Gos = -pollutant concentration adjusted for calibratiopgrlv

Cueas = measured pollutant concentration, ppmdv
Ccal = Span gas concentration, ppmdv

Cc; = average concentration of the pre-test and psstainalyzer
responses to zero gas, ppmdv

Ccu = average concentration of pre-test and postatesiyzer
responses to span gas, ppmdv

7 of 10



Rule 1110.2 Periodic Monitoring Protocol July 24, 2007

5.0

5.1

5.2

5.3

5.4

c. Add NO and N@, together to determine NO

d. Compute the following formula using adjusted conigions (Gp,) to determine
compliance with emission limits for N@nd CO:

20.9-15
N = (C X| ——m8—
( ADJ) ( 20.9_02J
Where: N = NQ or CO concentration corrected to 15% @omdv

Caos = pollutant concentration of N@r CO adjusted per Section
4.4(b), ppmdv

O, = oxygen concentration (%), dry basis, measuretderflue gas
and adjusted per Section 4.4(b)

TESTING UNDER NON-IDEAL CONDITIONS

The following is a discussion of some common naerldesting conditions and their
solutions in source testing:

LOAD CHANGES

If there are fluctuations in the process or opegationditions, such as changes in load,
the testing may continue as long as the operabngditons are recorded to show each
fluctuation. If the engine shuts down completelyf éhere are severe fluctuations during
sampling, testing must be repeated for a minimuhbofontinuous minutes during
acceptable operating conditions. All changes otess and operating conditions and test
interruptions must be noted with the beginning anding times of each occurrence on
the field data sheets.

BYPASS STACK
If there are dampers or bypass stacks presentgestall be conducted as follows:

a. Ifexcess air is frequently introduced to the extatiack at a variable rate,
concentration testing shall be performed while xxess air is introduced to the
exhaust stack.

MULTIPLE STACKS

For multiple stacks, perform sampling at each efgtacks during acceptable testing
conditions. Sampling at each stack need not Henpeed simultaneously.

OTHER NON-IDEAL TESTING CONDITIONS

If other non-ideal testing conditions exist (efg.ck gas oxygen concentration greater
than 19 percent), the facility must submit a sotiese protocol for review and written
approval by the Executive Officer prior to testing.
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6.0

6.1

6.2

7.0

RECORDKEEPING REQUIREMENTS

MEASUREMENT SYSTEM LOG

Maintain a bound log, available upon request, &mheindividual measurement system
that includes the following records for 5 yeardedionically stored records are
acceptable alternatives for ‘hard copies’ onlyepproducible electronic and/or hard copies
are retrievable upon request.

a. Linearity and Stability Tests Recordkeeping Formr(f 1), which must be

completed and signed Inainedpersonnelwhe-has-baecertified perRule 11102,
sutparagraph-(HHF).

b. Calibration Recordkeeping Form (Form 2), which mhestompleted and signed by
trainedpersonneivhe-has-beaecertified-perRule 1110 2pparagraph-(H{(F)

c. Certificates of analysis for all calibration gatisteed on Forms 1 and 2.

d. All maintenance and service records, includingrmitlimited to dates that
electrochemical cells and filters were replaced, mplacement parts purchase
records.

ENGINE COMPLIANCE LOG

Maintain a bound log on-site, available for inspetat any time, which includes the
following records for 5 yearss required by Rule 1110.ZElectronically stored records
are acceptable alternatives for ‘hard copies’ dnigproducible electronic and/or hard
copies are immediately retrievable for inspectibargy time.

a. Periodic Monitoringemissienrs—FedRecordkeeping Form (Form 3), which must be

completed and signed liainedpersonnelwho-has-been-certified-perRulelD-2;
sutparagrph-(HF.

b. Source test reports, including those required pee R110.2-suiparagraph-(HH{IHC).
c. Inspection and Monitoring PlarcordsperRule-1110-XSubparagraph-(H{(D).
d. Operating LogperRule- 1110 Zubparagraph(HINE)

REPORTING REQUIREMENTS
If any testing conducted according to this protemekecerding-to-Rule-1110-Baragraph

{g)-determines that emissienoncentrations have exceeded either Rule 1110.2 or
equipment permit condition emission limits, the igper shall comply with the following

requirementgaspeiRule- 1110 2¢clause(B N} vib)-

a. Notify the District at 1-800-CUT-SMOG within one toof learning of the
exceedanci the same manner required by paragraph (b)(Rut¢ 430;

b. Immediately correct the noncompliance or shut dédvenengine within 24 hours or
the end of an operating cycle, whichever is sodndhe same manner as required by

elause®3HAX-erRule 430; and
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c. Comply with allotherrequirements of Rule 430 if there was a breakdown.
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